INTRODUCTION {#sec1-1}
============

Esophageal atresia (EA) correction is regarded as the symbol of neonatal surgical expertise, while the evolution of EA treatment from simple ideas to staged and robotic operation has elapsed over 60 years.\[[@CIT1]--[@CIT2]\] Surgical options depend on the condition of patients and suitability of native esophagus; although advancing neonatal care and operative techniques are available, even premature babies with severe pneumonia who are not stable for thoracotomy are now undergoing thoracotomy for fistula closure.\[[@CIT3]\]

The mortality of thoracotomy in poor conditioned babies is very high therefore, the use of guidelines regarding those who may benefit from gastrostomy for delayed or staged operation, instead of performing thoracotomy for emergency fistula closure in the first step, is very helpful.

MATERIALS AND METHODS {#sec1-2}
=====================

Between August 2004 and July 2006, we have retrospectively studied 75 cases of consequently operated EA (24 females, 51 males) from their files. Nineteen out of 75 cases (25 %) underwent routine gastrostomy in the left upper quadrant with mushroom No. 20 F (5 cases with pure atresia, six cases with severe pneumonia and congenital heart disease and 8 cases with long gap 2-4 vertebra). They were staged or delayed by gastrostomy for following definitive repair \[[Table 1](#T0001){ref-type="table"}\].

###### 

Distribution of esophageal atresia patients who underwent primary gastrostomy

  EA with G tube (19 out of 75 cases)                   Primary gastrostomy   Emergency fistula closure       Primary anastomosis                                                       Delayed anastomosis                         Staged operation
  ----------------------------------------------------- --------------------- ------------------------------- ------------------------------------------------------------------------- ------------------------------------------- ----------------------------------------------------------------
  Three groups                                                                                                                                                                                                                      
  Pure atresia (5 cases)                                5                     No                              No                                                                        No                                          3 cases with gastric pull-up. 2 cases with colon interposition
  Severe pneumonia and CHD Waterson class C (6 cases)   6                     3 cases with f \> 2.5 mm        3 cases with f \< 2.5 mm (3-7 ds)                                         One survival in emergency fistula closure   No
  Long gap (8 cases, 2-4 vertebras)                     4                     No                              4 cases with high tension                                                 4                                           No
  Results                                               15                    2 patients died after closure   4 cases with anastomotic leakage, 4 cases with post-leakage gastrostomy   1 case with severe reflux                   2 patients with colon interposition died

Group I: {#sec2-1}
--------

Five cases of pure atresia first underwent gastrostomy and cervical esophagostomy and then gastrostomy for esophageal atresia esophageal substitution (3 cases with gastric pull-up and 2 cases with colon interposition) was performed 9-12 months later.

Group II: {#sec2-2}
---------

Six out of 75 cases (8%) - who had severe pneumonia, weight (1700-2000 g) and (Waterson class C) - underwent primary gastrostomy and conservative therapy that includes the use of mechanical ventilation (*n* = 6) and antibiotic and cardiac management in an acceptable ICU setting. The size of the fistula was measured by pass telescopic lens (∼2.5 mm) preoperatively by bronchoscopy. Three patients who had wide fistula (fistula size \>2.5 mm) presented within 48 hours with severe distention of abdomen and paradoxical abdominal movements. However, for those with a narrow fistula, the arrival was at more than 48 h post-delivery; there was respiratory distress and tachypnea with sticky bilious discharge from the endotracheal tube (ETT). Three out of 6 cases (Spitz class II), who had congenital heart disease in addition to severe pneumonia (1 case with TOF, 2 cases with large VSD) and a wide fistula (f \> 2.5 mm) required emergency fistula closure on the second or third day. One of emergency closures was performed by injecting the fibrin glue through bronchoscope using double lumen catheter No. 7 as the Y connector. The closure of fistula was checked by the injection of methylene blue into the ETT, and in the others, the fistula was closed through thoracotomy. The remaining 3 cases with f \< 2.5 mm were subjected to primary anastomosis in 3-7 days through right thoracotomy, and they were followed for 6-12 months.

Group III: {#sec2-3}
----------

Eight out of 75 cases (10%) had long gap (2-4 vertebra); four cases underwent right extra pleural thoracotomy and excessive dissection of two ends, which were approximated by traction suture (monofilament non absorbable) plus primary gastrostomy for feeding, and they had delayed primary anastomosis 2-3 months later. The other four cases had primary anastomosis, but with a high tension without *primary gastrostomy*. All cases were followed-up for 6-12 months.

RESULTS {#sec1-3}
=======

Nineteen out of 75 cases with EA and a mean gestational age of 36.8 weeks (34-38 weeks) and weight in the range of 1700-3200 g were subjected to gastrostomy and a type of staged operation.

Group I: {#sec2-4}
--------

All the five cases in this group survived till the time of substitution. Only 3 gastric pull-up cases survived from definitive operation, and the site of gastrostomy made no trouble during pull-up procedure. Two colon interposition cases died of postoperative leakage and sepsis.

Group II: {#sec2-5}
---------

Two out of six (33%) cases (severe pneumonia and congenital heart disease) with f \> 2.5 mm, who developed massive air leakage through gastrostomy that prevented effective ventilation, died early after the emergency fistula closure and the remaining one underwent thoracotomy and anastomosis 3 months later with no early or late complications. Three out of six patients with severe pneumonia and f \< 2.5 mm had no bilious discharge after gastrostomy and their condition improved considerably. After having undergone primary anastomosis, all of them recovered with no major early postoperative complications (mean hospitalization of 15 ± 3 days), and all weaned off the ventilator in a matter of 2-3 days postoperatively. Two out of four (50%) survived cases (f \< 2.5 mm) developed anastomotic stricture, and they underwent repeated dilatation in the follow-up for 6-12 months.

Group III: {#sec2-6}
----------

Four cases that had primary anastomosis in the first operation developed anastomotic leakage. They all were conservatively managed by gastrostomy and jejunostomy following the leakage (mean hospitalization of 45 ± 2 days). Gastrostomy was used for the prevention of reflux to the site of anastomotic leakage. Two out of four cases developed late anastomotic strictures and there was one case of fistula recurrence in 6-12 months follow-up. The remaining four cases of long gap had delayed primary closure with primary gastrostomy. In the second operation, the small and atrophic distal segment developed so well, and this allowed the two ends be anastomosed safely with no major complications (mean hospitalization of 18 ± 3 days). Only 1 out of 4 delayed primary anastomosis cases developed severe reflux and repeated pneumonia who underwent partial fundoplication in the follow-up for 6-12 months \[[Table 1](#T0001){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

In this study, 13 out of 19 (68%) patients with TEF had excellent outcomes after primary gastrostomy (*n* = 15), and they have reached the staged operation, except for the two cases with severe pneumonia and CHD. The roles of gastrostomy in patient with pure atresia and control of anastomotic leak are obvious, and we have just overviewed our series of patients. However, in those with long-gap atresia, particularly those with an intermediate gap (2-5 vertebras) and those who referred with unstable conditions, are still the subjects of debate on whether they should undergo delayed or staged operation.

Mee *et al*.\[[@CIT4]\] have designed classifications for the priority of management such as Waterston\[[@CIT5]\] and Spitz;\[[@CIT6]\] however, the most important factors to be considered are the significance of congenital heart disease, severity of pneumonia and gestational age. We have seen in our study that the highest mortality belongs to the patients with CHD and pneumonia who have associated larger fistulas (f \> 2.5 mm) because they cannot tolerate the invasive operation in spite of pneumonia and unstable cardiac condition.

Based on our experience, all the patients with narrower fistula have higher chance of reflux into tracheobronchial tree and chemical pneumonitis, particularly with the use of ventilator or late diagnosis. It can be explained by the capillary movement through the narrow fistula with help of negative pressure in the thoracic cavity and gradual positive pressure built in stomach, which siphon the gastric content to tracheobronchial tree; however, the patient with larger fistulas develop respiratory compromise earlier because larger fistula can causes severe distension of the stomach and ineffective ventilation before developing reflux pnemonitis. The use of primary gastrostomy, even in small fistula during mechanical ventilation, helps in the evacuation of stomach and further reflux. Therefore, patients with Waterson class C (3 of 6 cases with f \< 2.5 mm) have delayed (range: 3-7 ds) definitive operation while patients are stabilized, instead of staged operation.

Emergency fistula closure has been recommended for babies who develop respiratory failure despite the maximum intervention and compliance and the easy passage of respiratory gases through the distal fistula into the stomach requires close monitoring for the possible risk of gastric perforation.\[[@CIT7]\] In our cases, the size of the fistula was a determinant factor. In those who referred with respiratory compromise, whenever the fistula diameter is less than the diameter of trachea (premature, term/2.5, 3 mm), the volume of ventilated gas preferably goes through the major airway, and gastrostomy works as a decompressing valve and prevents bile reflux into the tracheobronchial tree and improves diaphragmatic movement. In a larger fistula, all the air bypasses the tracheobronchial tree via gastrostomy and the effective ventilation is lost. In the absence of gastrostomy, severe abdominal distension or gastric perforation occurred because even the manipulation the ETT cannot prevent the massive air leakage through a large fistula. Therefore, large fistulas (f \>2.5 mm) should be closed as soon as possible.

Touloukian *et al*.\[[@CIT8]\] have recommended that a rigid bronchoscope should be used in all the neonates with EA to precisely detect the location, size and number of any associated fistulae and the degree of possible tracheomalacia. However, we performed bronchoscopy on our patients in the preoperative period whenever there was a need for a respiratory toilet and temporary closure of fistula using Fogarty balloon or glue injection in suspicious cases.

If a long gap is found during thoracotomy, several options have been proposed: the two ends of the esophagus may be put under tension by the steel bars, stringed beads or magnets and in a matter of 5-6 days, two ends can be anastomosed.\[[@CIT9]--[@CIT10]\] However, the fiber damages from overstretching the esophageal muscle, perforation or mediastinitis from suture detachment and dysmotility of the repaired esophagus are common complications.\[[@CIT9]\]

Bagolan *et al*.\[[@CIT10]\] have also reported that if there is a delay in definitive operation, let the distal segment develop by the reflux content. In our opinion, a delay of 2-3 months allows the esophagus to grow and the reflux content make the narrow distal segment well developed, particulary with high volume gastrostomy feeding and a dissection of lower segment that can disrupt all the antireflux mechanism. Therefore, inflammation by the irritation of gastric content can be the cause of distal overgrowth.

The comparison of early and late complications indicates reflux in the delayed primary anastomosis group; however, in early leakage, the chances of stricture (50%) and recurrence (25%) are much higher in the group with primary high-tension anastomosis, although two ends can be reached by traction.

CONCLUSION {#sec1-5}
==========

Because of high rate of postoperative complications in the group with long gap and high-tension anastomosis, the use of gastrostomy is highly recommended with delayed primary anastomosis. Patients who presented with pneumonia and CHD (Waterston class C) need preoperative bronchoscopy for the evaluation of the fistula. If fistula size is greater than 2.5 mm, then patient should undergo emergency closure, and if the fistula size is less than 2.5 mm, they need primary gastrostomy for stabilization. We also had better outcomes with gastric tube than colon during esophageal substitution.
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